Abstract
INTRODUCTION
Peptic ulcer (PU) is one of the common clinical diseases. The incident rate of PU has been on the rise over the recent two decades [1] . Some latest studies showed that H 2 antagonists and the proton pump inhibitor omeprazole had about 80-100% of healing rate and produced a good therapeutic effect on gastroduodenal ulcer after a 4-8-wk administration. However, gastroduodenal ulcer has 40-80% of recurrent frequency, once the drug is withdrawn within a year. Moreover, Helicobacter pylori eradication ameliorates symptoms and improves the quality of lives of patients, but many of them still cannot avoid ulcer relapses [2] [3] [4] . The repair of gastric ulcers requires the reconstitution of epithelial structures and underlying connective tissue, including vessels and muscle layers. This complex sequence of events requires a high degree of coordination among different cell types, which is regulated by several factors. Of them, some growth factors, such as vascular endothelial growth factor (VEGF) and the platelet-derived growth factor (PDGF), have received much attention in recent years, because they play a pivotal role in gastric ulcer repair [5] . Previous studies indicated that the Chinese traditional medicine Jianweiyuyang granules (JWYY) can accelerate ulcer healing, improve scar quality, and prevent ulcer recurrence [6, 7] . However, the mechanisms responsible for these actions are not fully elucidated. In this study, we examined the microvessel density (MVD) in the ulcer margin by immunohistochemistry and demonstrated the specific expression of VEGF mRNA at the gastric ulcer margin tissue using reverse transcription polymerase chain reaction (RT-PCR). The aim of this study was to determine whether JWYY accelerated ulcer healing by enhancing the expression of VEGF mRNA and angiogenesis. 
MATERIALS AND METHODS

Medicine and reagents
Animals and ulcer induction
Ninety Sprague-Dawley rats, half male and half female, weighing 180-220 g, were chosen for use in this study. All the rats were obtained from Experimental Animal Center of Xiangya Medical School of Central South University. The rats were kept individually in wire-bottom cages with free access to standard rat diet and water. The animal room was illuminated with a 12-h light-dark cycle. The room temperature was kept at 18-22 ℃ and the humidity at 60-70%. Rats underwent laparotomy under pentobarbital anesthesia.
Ninety rats were divided into six groups: normal group, sham operation group, ulcer model group, ulcer recurrence group, ranitidine group, and JWYY treatment group. Gastric ulcers were induced by a minor modification of the previously described method [8] . In control group, the operation procedures of rats were similar procedures except the application of acetic acid (sham operation).
Rats with healed ulcers were subjected to experiments of induction of ulcer recurrence. The rats in the ulcer model group were killed without treatment with interleukin 1 (IL-1). The ulcer index, MVD and the expression of VEGF mRNA were measured. Recombinant human IL-1 (1 g/kg) diluted to 1 mL with isotonic saline was injected intraperitoneally to the remaining animals to induce the ulcer recurrence model [9] .
Drug treatment
Each of the rats in JWYY group were treated with a single dose of 0.162 g/(mL·100 g) JWYY granules daily; each rat in the ranitidine control group was treated with a single dose of 5.4 mg/(mL·100 g) of ranitidine daily. Other groups were treated with distilled water.
Tissues preparation
Rats were killed 7 or 92 d later after they received drug treatment or feed, then the gastric walls of rats were removed. A portion of the wall was put into 4% formaldehydum polymerisatum for 1 h to examine the ulcer index by the method designed by us. Another portion of the wall was embedded into the paraffin wax for HE staining. The gastric ulcer margin tissue was removed for MVD and VEGF mRNA expression measurement separately.
Measurement of ulcer index
The length, width, and depth of the ulcer were measured by a compass. The area of the ulcer equals to the width of the ulcer times the length of the ulcer. The ulcer was divided into two grades by its depth more than or less than 2 mm. The ulcer index was classified into 10 degrees [6] ( Table 1) .
Determination of MVD
The consecutive 5-m sections were cut and mounted onto glass slides. Sections were stained with HE. The microvessel was examined using immunohistochemistry method with an anti-VIII mouse monoclonal antibody with a dilution of 1:80. Negative controls were detected by PBS substitution for the primary antibodies. All the procedures were carried out according to the manufacturer's instruction. MVD was evaluated according to the previous method as described by Wang and Liao [10, 11] . The stained sections were screened under low power, and five areas with the most intense neovascularization were selected. Microvessel counting of these areas was performed at the ulcer margin (×400). Any brown-stained endothelial cell or endothelial cell cluster was counted as a vessel. Vascular counts of each case were calculated. The mean microvessel count of the five richest vascular areas was taken as MVD.
Determination of expression of VEGF mRNA
Total RNA was isolated from gastric biopsy tissues by using TRIzol reagent according to the manufacturer's instruction.
RT-PCR was performed according to the manufacturer's instruction. RT-PCR reaction mixture containing 2 L of total RNA, 1 L oligo (dT)18 (0.5 g/L), 9 L ddH 2 O in a tube was mixed gently and then spinned down 3-5 s in a microcentrifuge. The mixture was incubated at 70 ℃ for 5 min and chilled on ice and the drops were collected by brief centrifugation. Four microliters of 5× buffer, 2 L 10 mmol/L dNTP, and 1 L (20 U) Rnasin were added to the above collected drops and then the mixture was incubated at 37 ℃ for 5 min. Then 1 L (200 U/L) M-MuLV reverse transcriptase was added to the above mixture and incubated at 42 ℃ for 60 min. The reaction was stopped by heating at 70 ℃ for 10 min. The first strand cDNA synthesized was chilled on ice and stored at -20 ℃ until next analysis.
The specific primers were designed by software primer premier 5.0 and purchased from Shanghai DNA Biotechnology Corporation Ltd. The primers for VEGF were 5'-CCTGGTGGACATCTTCCAGGAGTACC-3' (sense) and 5'-GAAGCTCATCTCTCCTATGTGCTGGC-3' (anti-sense), and the size of the amplified fragment conserved in all of the variant spliced forms was 104 bp. PCR products for -actin were used as a positive control and internal standard. The primers for -actin were 5'- For quantitative assessment of the PCR products, a computerized video analysis system was used. The results are expressed as the VEGF/-actin ratio.
Statistical analysis
Results are expressed as the mean±SD. The Student's t-test was used to determine statistical significance of differences between two treatment groups. Comparisons of data between groups were performed with analysis of variance followed by F-test. P<0.05 was taken as significant. Statistical software SPSS10.0 was used in this study.
RESULTS
Effect of JWYY on gastric ulcer recurrence
After rats were induced by acetic acid, ulcers were detected in all rats by macroscopic examination except for the normal and sham operation groups (Figures 1 and 2) . Moreover, after rats were induced by IL-1, no ulcers in the normal and sham operation groups were detected by macroscopic examination (Figure 3) . However, as shown in Figures 4-6 and Table 2 , 9 of 10 rats in the model recurrence group had a gastric ulcer recurrence. In contrast, only 1 of 10 rats in the model group without IL-1 treatment was observed with ulcer recurrence. Moreover, 8 of 10 rats in the ranitidine group and 3 of 10 rats in the JWYY group with IL-1 treatment had gastric ulcer recurrence. 
Effect of JWYY on MVD
As shown in Figure 7 and Table 3 , microvessel was stained brown. MVD in the normal and sham operation groups were relatively few. MVD in the model group was increased compared with normal group, and MVD in the JWYY group was significantly increased vs other groups.
Figure 7
Microvessel of gastric ulcer margin in the rat stained by VIII factor (method of SABC ×400). 
Expression of VEGF mRNA
In this study, the extracted total RNAs were of high purity (a range of A 260 /A 280 of RNA is from 1.807 to 1.913). The result showed that the expression level of VEGF mRNA in gastric tissues of rats was low in the normal and sham operation groups. However, the expression level of VEGF mRNA in model, model recurrence, ranitidine, and JWYY groups were significantly increased after 7 d of treatment.
As shown in Table 4 , the same results of VEGF expression in gastric ulcer were observed in all groups except for the model group after treatment for 92 d. Taken together, JWYY could enhance the expression of VEGF mRNA in gastric ulcer rats.
The result in black figure is considered as the result of the model recurrence group as well as the model group. 
DISCUSSION
IL-1 is secreted by monocytes, macrophages, and other inflammatory cells. It can cause acute damage of gastric mucosa [12] . Recently, Watanabe et al., have developed a rat model of gastric ulcer recurrence induced by IL-1 and the pathologic characterization is very similar to that of the human chronic gastric ulcer [9, 13] . In this experiment, we observed gastric ulcer in all rats after they underwent operation by Okabe's method. Nine of ten healed ulcers in the group treated with IL-1 relapsed in the model recurrence group. In contrast, only 1 of 10 relapsed in the model group and no ulcer was observed in the normal and sham operation groups. Taken together, this model of ulcer recurrence was very successful.
The repair of gastric ulcers is a complicated process. It is associated with the reconstitution of epithelial structures and the underlying connective tissue, including vessels and muscle layers. It has been reported that the recurrence of ulcer is associated with the quality of ulcer healing (QOUH) [14] , which is related to angiogenesis. Some studies have shown that several growth factors and their receptors are involved in ulcer healing process. Of those, VEGF has received considerable attention, since it is considered to be the only factor that specifically acts on endothelial cells. The delay of ulcer healing and the poor QOUH may result from the lower expression or absence of some growth factors and their receptors [15, 16] . Dai XP et al. JWYY granule effect on gastric ulcer VEGF, previously described as a vascular permeability factor, is a growth factor that is involved in the mucosal protection and the angiogenic response taking place during ulcer healing. VEGF is a peptide which is secreted as dimeric glycoproteins containing characteristic regularly spaced eight-cysteine residues. Multiple isoforms can be generated by alternative splicing of a single gene transcript. VEGF has a variety of effects on vascular endothelium, including the ability to promote endothelial cell viability, mitogenesis, chemotaxis, and vascular permeability. Expression of VEGF and its receptors has been demonstrated in the ulcer margin of the human PU disease. In experimental models of acute gastric damage, the expression of VEGF increases during healing, while the pretreatment of rats with a single dose of oral VEGF may exert a protective effect against acute ethanol damage in the gastric mucosa [17] . Furthermore, the daily administration of VEGF has been found to promote the healing of cysteamine duodenal ulcer in rats by stimulation of angiogenesis and formation of granulation tissue. These data suggest that VEGF might play a dual role in mucosal protection and repair. On the one hand, it might improve mucosal resistance by an increase of vascular permeability that dilutes gastrotoxic agents and reduces the area of the hemorrhagic lesions. On the other hand, it might contribute to the development of the angiogenic response together with other growth factors [5, 17] . The recent research findings indicate that the gene therapy with either VEGF or PDGF may be a rapid approach to achieve duodenal ulcer healing [18] . JWYY enhanced the expression of VEGF mRNA by stimulation of angiogenesis in the human gastric mucosa in our study. As a result, it improved the QOUH, accelerated the healing of ulcer and prevented its recurrence.
JWYY granules consist of Chinese thorowax root, pilose asiabell root, white peony root, corydalis tuber, common bletilla tuber, natural indigo, pearl powder and liquorice root. It can soothe the liver and strengthen the spleen, it has anti-spasm and pain relieving effect, stop bleeding, and regenerate muscle, and disperse the visceral heat. Previously, we demonstrated that JWYY accelerated the healing of acetic acid-induced gastric ulcer in rats and had good effect for the PU patients with stagnation of liver Qi and deficiency of spleen Qi syndrome or inharmonic liver and gastric syndrome. At the same time, it could prevent ulcer recurrence [6, 7] . In conclusion, our results show that JWYY enhances the expression of VEGF mRNA in gastric ulcer in rats. This may be the mechanism by which JWYY improves the QOUH, and prevents its recurrence in the treatment of PU.
